amplification by polymerase chain reaction (PCR) followed by detection using sequence-specific oligonucleotide probes (SSOP) has been introduced into this laboratory. 5 In order A previously reported HLA-B PCR-SSOP typing method has been applied to those individuals, from the to ascertain the differences between serology and DNA typing for HLA-B detection and establish the suitability of local bone marrow registry, with only one detectable HLA-B antigen by serology. The PCR-SSOP method the DNA method for registry typing, the PCR-SSOP method was applied to various samples from the local detected the serologically defined HLA-B antigen in all cases. In addition, PCR-SSOP detected the presence of registry. a second HLA-B allele in 19.9% of these individuals. The method was also applied to all individuals where serology could only determine the HLA-B antigen as a Materials and methods broad specificity. All antigens were split by the PCR-SSOP method, indicating that the method is more Genomic DNA (0.5-1.2 g), previously extracted by the salting out method, 6 was subjected to PCR amplification, specific than serology. Using a combination of PCR-SSOP and serologically determined types for 5000 indidot blotting, hybridisation and detection procedures as previously reported. The method was applied to 1728 donors, selected from a panel of 5000 unrelated Caucasian blood donors, from the been calculated. Keywords: bone marrow registry; HLA-B alleles; homoNorthern Ireland bone marrow registry. The donors were divided into the following categories: (1) all individuals zygosity previously typed as homozygous for HLA-B by serology (n = 694); (2) individuals in whom the present PCR-SSOP method was more specific than local serology: HLA-B5 (n In bone marrow transplantation the identity of HLA class = 200), HLA-B12 (n = 42), HLA-B16 (n = 169), HLA-B17 I and II alleles between donor and recipient is of great (n = 365), HLA-B21 (n = 143) and HLA-B41 (n = 18) importance -the ideal situation occurring when the donor is (serology had been capable of splitting these broad antigens an HLA-identical sibling. Since this situation is not always in other individuals, but was not successful with these possible, registries of potential unrelated donors have been donors, bearing in mind that the sera on the typing trays established in many countries, from which HLA-ABDR had changed over the 8-year period during which the seromatched donors can be selected. The typing of donors for logical typings were undertaken); (3) all individuals with most bone marrow registries is performed using serological an HLA-B antigen previously queried by serology (n = 97). methods. Recent publications have shown how DNA sub-
viduals on the local bone marrow registry, HLA-B frequencies for the Northern Ireland population have
The method was applied to 1728 donors, selected from a panel of 5000 unrelated Caucasian blood donors, from the been calculated. Keywords: bone marrow registry; HLA-B alleles; homoNorthern Ireland bone marrow registry. The donors were divided into the following categories: (1) all individuals zygosity previously typed as homozygous for HLA-B by serology (n = 694); (2) individuals in whom the present PCR-SSOP method was more specific than local serology: HLA-B5 (n In bone marrow transplantation the identity of HLA class = 200), HLA-B12 (n = 42), HLA-B16 (n = 169), HLA-B17 I and II alleles between donor and recipient is of great (n = 365), HLA-B21 (n = 143) and HLA-B41 (n = 18) importance -the ideal situation occurring when the donor is (serology had been capable of splitting these broad antigens an HLA-identical sibling. Since this situation is not always in other individuals, but was not successful with these possible, registries of potential unrelated donors have been donors, bearing in mind that the sera on the typing trays established in many countries, from which HLA-ABDR had changed over the 8-year period during which the seromatched donors can be selected. The typing of donors for logical typings were undertaken); (3) all individuals with most bone marrow registries is performed using serological an HLA-B antigen previously queried by serology (n = 97). methods. Recent publications have shown how DNA sub-
The updated HLA-B typing information, obtained from typing of HLA class I alleles can lead to mismatching in this study, was incorporated into the bone marrow registry. previously serologically identical bone marrow donorUsing a combination of PCR-SSOP and serologically recipient pairs. [1] [2] [3] [4] determined types, HLA-B frequencies for the Northern The Northern Ireland Bone Marrow Donor Registry, Ireland population were subsequently determined. established in 1988, now consists of 5000 volunteer blood donors. HLA-A and -B typing of these donors has been achieved by serological methods, while HLA-DR types Results have been assigned by DNA typing (initially by RFLP, and more recently by PCR-SSOP).
PCR-SSOP confirmed the serologically defined HLA-B HLA class I typing is performed using serological antigen in all 694 HLA-B homozygotes from 5000 registry methods in most laboratories, resulting in the use of large donors. In addition, a second HLA-B allele was detected quantities of sera in the case of registry typing. A DNA in 138 donors. Three of these individuals became heteromethod for the identification of HLA-B alleles involving zygous as a result of splitting a serologically determined broad HLA-B antigen (HLA-B17→B57, B58; HLA-B16→B38, B39; HLA-B21→B49, B50). previously serologically assigned HLA-B41 individuals donors, using the PCR-SSOP method. One individual, who additional alleles, detected by DNA typing, represented an had been originally typed as HLA-B18 homozygous by antigen which could not be identified by local registry sera, serology, produced a heterozygous typing pattern by PCRie the allele which codes for the antigen HLA-B70. Table  SSOP . In addition to identifying the presence of a second 2 shows that this specificity, and other additional alleles HLA-B allele, HLA-B*4101, the pattern for the HLA-B* detected, occur at low frequencies in the Northern Ireland 18 allele was different from the normal pattern by one population. It is important that these alleles are detected in probe. This variant has subsequently been sequenced as order to increase the chances of finding a donor for recipi-HLA-B*1803.
9 On retyping donors with serologically ents with these alleles -bone marrow donors with these assigned HLA-B12 antigens, two donors produced PCRtypes are in short supply. SSOP patterns which could not be correlated with any of
The PCR-SSOP method showed a high degree of accuthe published HLA-B sequences for HLA-B*44 or -B*45. 10 racy by correctly identifying the previously assigned HLAThe SSOP results would imply that the variant is more B antigen in all samples investigated. This accuracy is closely linked to HLA-B*44. Further investigation of this important when typing potential bone marrow donors for HLA-B*44 variant, by DNA sequencing, showed it to be registries. A recent report has highlighted discrepancies HLA-B*44 associated with HLA-Bw6 (unpublished among four centres typing bone marrow donors, resulting observation). A blood donor typed originally by serology in a 48.3% discrepancy rate. 11 Class I typing performed by as homozygous for HLA-B8 was assigned HLA-B*08, -B* serology accounted for the majority (88%) of these discrep-15 by DNA typing. Retyping using a new blood sample ancies. The lower class II discrepancy rate (12%) could be produced the previously assigned types for both DNA and attributed to three out of the four laboratories using DNA serology. This individual is currently being sequenced.
techniques for class II assignment. In the present study it Applying PCR-SSOP to any donors where serology had was difficult to understand why serology had not detected previously queried a HLA-B antigen, resulted in the posicertain antigens (HLA-B7, -B8 or -B40) since sera for these tive identification of the queried HLA-B antigen in 87 out antigens were thought to be reliable. In these instances of 97 cases. The remaining 10 individuals were found to retyping, using a new blood sample was performed by be negative for the queried HLA-B antigen. A HLA-B serology and DNA. The initial DNA result was confirmed allele coding for a different antigen to that serologically on all occasions except where a new allele HLA-B*4102 queried was found in six of these cases. In all situations was found. None of the discrepancies found during this where a broadly defined HLA-B antigen was assigned by study could be attributed to clerical mistakes, which gives serology, the split was identified by PCR-SSOP.
an indication of the diligence and thoroughness of the work Taking into account any additional typing information, in this laboratory. obtained from this study, the HLA-B homozygosity rate
We have carried out a similar PCR-SSOP study, involvfor the Northern Ireland population has been determined as ing serologically determined HLA-A homozygotes, from 11.1% compared to the serologically determined value of the Northern Ireland bone marrow registry. 12 During that 13.9%. Using the combined typing information for 5000 study we identified seven individuals who carry a nondonors on the local bone marrow registry, the frequency of expressed HLA-A*24 allele. Further investigation has HLA-B determinants for the Northern Ireland population identified different null sequences responsible for this nonhas been determined ( Table 2) . We have used the term expression (unpublished observation). Most inactivated 'determinants' as the frequency data consists of individuals alleles, so far reported, derive from the HLA-A locus, 13 typed by serology and individuals typed by SSOP. Therewhich could suggest that HLA-A may be evolving towards fore the term 'allele' is not fully justified. As expected the inactivation. The only allele so far found not expressed at highest frequencies observed were due to HLA-B7, -B8
HLA-B locus is HLA-B*1526N (Hideko Mine, unpuband -B44. The antigens HLA-B46, -B59, -B67, -B75 and lished data). Interestingly we have found an individual -B78 were not detected in this Caucasian population.
HLA-B8 by serology and HLA-B*08, -B*15 by DNA. In comparing the frequencies obtained in this study to published data for a British population, 14 we find that Discussion although the three most common HLA-B specificities detected are the same (ie HLA-B7, -B8 and -B44), HLAThe study has shown the benefits of using the PCR-SSOP B7 and -B44 occur at an increased frequency in the Northmethod for HLA-B identification in volunteer donors for ern Ireland population. We also observed a decrease in the bone marrow registries. The method has always confirmed frequencies of the following HLA-B specificities -HLAthe serologically detected antigen and, in addition, detected B35, -B38, -B41, -B51, -B52, -B53, -B57 and -B58. Popualleles whose products were not detected by serology.
lation size may contribute to these differences. The freThe discrepancies found in the blood donors are explainquencies published 14 were based on a British population of able. The sera used for the typing of recipients and donors 117 individuals compared to the 5000 individuals in this for renal transplantation and for actual bone marrow transstudy. In agreement with the published data HLA-B46, plantation is not available in large enough quantities to -B59, -B67, -B75 and -B78 were not detected in our popuenable the typing of volunteers for bone marrow registries.
lation. We did however identify HLA-B42 and -B73 in our As a result of this the sera used for registry typing is of Caucasian population. The accurate frequencies of the poorer quality increasing the possibility of antigens being HLA-B specificities in this Caucasian population will, we undetected, especially some of the more uncommon types. It is therefore not surprising that the largest percentage of hope, be useful for colleagues in disease studies, in anthro-pology and in estimations of the probability of obtaining a retyping donors which require further refinement, using a small number of additional probes in a new groupsuitable bone marrow donor. specific amplification. The homozygosity rate of 11.1%, bearing in mind that this will be further reduced when all alleles are identified, gives a useful indicator of the homozygosity rate for the HLA-B locus in a Caucasian population. Northern Ireland Acknowledgements is a relatively conserved population with low levels of immigration. As such, we would expect the HLA-B homo- be an indication of antigens remaining undetected. As laboratories typing bone marrow donors for registries change to DNA techniques it may be worthwhile for them to retype References existing serological homozygous donors, especially those that are homozygous for the less common antigens. We have found that if an individual was serologically typed as sequence specific primers (PCR-SSP). 15 Comparison of this
